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(54) Acoustical and structural microporous sheet 


(57) A microporous sheet having both acoustical 
and structural functionality and a process for producing 
the sheet. Construction of the sheet requires, first of all, 
providing a sheet capable of functioning as a structural 
element of a component. A laser device capable of pro- 
ducing a free electron laser beam is provided, and the 
free electron laser beam is directed to a surface of the 
sheet to penetrate the sheet at a plurality of sites and 
thereby form a plurality of apertures. These apertures 
are generally uniformly dispersed and of a size and 


number sufficient to enable the sheet to function as an 
acoustical noise suppressor while retaining capability of 
functioning as a structural element. Use of free electron 
laser technology permits formation of smooth -walled, 
circular or non-circular apertures tailored to exact ge- 
ometry specifications controlled to a nanometer In size, 
and produces a microporous sheet having structural 
functionality while meeting acoustic requirements with 
clean, unclogged apertures and with low friction-to-sur- 
face and/or boundary-layer control airflow. 
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Description 

Field of the invention 

[0001] This invention relates in general to micropo- 
rous metallic and non-metatlic sheets, and in particular 
to a nnicroporous sheet and a process for its production 
and use where the sheet has both acoustical and struc- 
tural functionality by having formed therethrough a plu- 
rality of apertures of a size and number sufficient to en- 
able the sheet to function as an acoustical noise sup- 
pressor while retaining capability of functioning as a 
structural element. 

Background of the Invention 

[0002] Certain elements of manufacture require both 
acoustical and structural qualities in particular applica- 
tions. One example of such a requirement is found in a 
jet engine housing for an airplane. In particular, an en- 
gine housing must function as both a noise suppressor 
and a structurally sound encasement of the engine 
therewithin disposed. This dual task now is accom- 
plished by employing two-sheet fabrication comprising 
a porous first sheet or "skin" for acoustical control and 
a second perforated skin for structural stability Both 
functions cannot be accomplished by present porous- 
sheet construction since normal laser-drilled or chemi- 
cally-etched apertures yield sheets that are poor in 
structural and fatigue strength and thus require a sec- 
ond perforated sheet for structural capability. Specifical- 
ly, apertures formed by normal laser drilling or chemical 
etching have rough edges and cannot be tailored to in- 
dicated geometric and size characteristics for particular 
applications, and the sheets so constructed experience 
poor fatigue life and structural integrity Further, be- 
cause of the limited quality and geometric choice of 
these prior-art apertures, friction-to-surface values can 
be relatively high which can cause clogging and result- 
ant airflow disruption. 

[0003] In view of the above considerations, it is appar- 
ent that a need is present for a metallic or non-metallic 
sheet having both acoustical and structural functionality, 
and for a process for producing such a sheet. Accord- 
ingly, a primary object of the present invention is to pro- 
vide an acoustically and structurally functional porous 
sheet and a process for its formation. 
[0004] Another object of the present invention Is to 
provide such a sheet wherein a plurality of apertures 
therethrough are formed by a free-electron laser beam. 
[0005] Yet another object of the Invention is to provide 
such a sheet wherein the plurality of apertures are of a 
size and number sufficient to enable the sheet to func- 
tion as an acoustical noise suppressor while retaining 
capability of functioning as a structural element. 
[0006] Still another object of the present invention is 
to provide a jet engine housing constructed of a single 
sheet of the inventive acoustically and structurally func- 


2 

tional porous sheet defined herein. 
[0007] These and other object of the present invention 
will become apparent throughout the description thereof 
which now follows. 

5 

Summary of the invention 

[0008] The present invention is a microporous metal- 
lic or non-metallic sheet having both acoustical and 
structural functionality and a process for producing the 
sheet. Construction of the microporous sheet compris- 
es, first of all, providing a sheet capable of functioning 
as a structural element of a component. A laser device 
capable of producing a free electron laser beam is pro- 
vided, and the free electron laser beam is directed to a 
surface of the sheet to penetrate the sheet at a plurality 
of sites and thereby form a plurality of apertures. These 
apertures are generally uniformly dispersed and of a 
size and number sufficient to enable the sheet to func- 
tion as an acoustical noise suppressor while retaining 
capability of functioning as a structural element. Use of 
free electron laser technology permits formation of 
smooth-walled, circular or non-circular apertures tai- 
lored to exact geometry specifications controlled to a na- 
nometer in size. This methodology results in the produc- 
tion of a microporous sheet having structural function- 
ality while meeting acoustic requirements with clean, 
unclogged apertures and with low friction-to-surface 
and/or boundary-layer control airflow 

Brief Description of the Drawings 

[0009] An illustrative and presently preferred embod- 
iment of the invention is shown in the accompanying 
drawings in which: 

Figure 1 is an enlarged top plan view of a portion of 
a microporous metal sheet formed by free electron 
laser beam treatment; 

Figure 2 is an enlarged side elevation view of the 
sheet of Figure 1; and 

Figure 3 is a side elevation view of a jet engine 
housing formed from the metal sheet as defined in 
Figure 1. 

Detailed Description of the Preferred Embodiment 

[001 0] Referring to Figures 1 and 2. a microporous ti- 
tan ium sheet 10 is shown. While the sheet 10 of the pre- 
ferred embodiment is titanium, it is to be recognized that 
other metallic or non-metallic sheets can be employed 
according to the present invention so long as required 
noise suppression and structural strength are appropri- 
ate to specific applications. The sheet 10 has a plurality 
of apertures 12 formed by a free electron laser beam 
emitted from a continuous electron beam accelerator 
device. A conventional fixturing tool (not shown) is em- 
ployed to secure the metal sheet 10 and control move- 
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ment of the beam device while forming the apertures 1 2 
to be dispersed generally uniformly through the sheet 
10. The apertures 12 here formed are generally circular 
and have a diameter of from about 0.003 inch to about 
0.025 inch. Non-circular apertures having a cross-sec- 
tional area of from about 7x10-6 square inch to about 
5x10-4 square inch can be produced by simply directing 
the beam device In the aperture pattern desired. 
[0011] As earlier noted, the metal sheet 10 must be 
capable of functioning as a structural element of a com- 
ponent. By forming the small apertures 1 2 generally uni- 
formly throughout the sheet 10, the sheet 10 becomes 
microporous and thereby acquires acoustical function- 
ality. To maintain structural stability of the sheet 1 0, how- 
ever, the apertures 12 must be of a size and number 
that will not interfere with such stability In the titanium 
sheet 10 here shown and having a thickness of about 
0.015 inch, from about 3% to about 12% open area can 
be provided without significantly jeopardizing structural 
functionality while still achieving noise suppression ca- 
pabilities. Non-limiting examples of other metals as well 
as non-metallic materials having the capability of pro- 
viding both acoustical and structural qualities when 
treated according to the principles of the present inven- 
tion include aluminum, steel, nickel, and reinforced pol- 
ymers such as graphite-epoxy, glass-epoxy and carbon- 
carbon. 

[0012] Referring to Figure 3, a jet engine housing 14 
constructed of a titanium metal sheet 10 as described 
for Figures 1 and 2 is shown. As earlier reported, prior 
art housings are constructed of two sheets, with one 
thereof providing noise suppression and the other pro- 
viding structural integrity. Conversely, the housing 14 of 
the present invention is constructed of one sheet that 
provides both structural and noise suppression function- 
alities to thereby accomplish greater efficiencies In the 
construction, maintenance, and weight control aspects 
of component structures. 

[0013] While an illustrative and presently preferred 
embodiment of the invention has been described in de- 
tail herein, it Is to be understood that the inventive con- 
cepts may be otherwise variously embodied and em- 
ployed and that the appended claims are intended to be 
construed to include such variations except insofar as 
limited by the prior art. 


Claims 

1. A microporous sheet having both acoustical and 
structural functionality, said sheet constructed by a 
process comprising: 

a) providing a sheet capable of functioning as 
a structural element of a component; 

b) providing a laser device capable of produc- 
ing a free electron laser beam; and 

c) directing the free electron laser beam to a 


surface of the sheet to penetrate the sheet at a 
plurality of sites and thereby form a plurality of 
apertures generally uniformly dispersed of a 
size and number sufficient to enable the sheet 
5 to function as an acoustical noise suppressor 

while retaining capability of functioning as a 
structural element. 

2. A microporous sheet as claimed in Claim 1 wherein 
10 the apertures are generally circular in shape. 

3. A microporous sheet as claimed in Claim 2 wherein 
the apertures have a diameter of between about 
0.003 inch and about 0.025 inch. 

75 

4. A microporous sheet as claimed In Claim 1 wherein 
the apertures have a cross-sectional area of from 
about 7x10"® square Inch to about 5x10^ square 
inch. 

20 

5. A microporous sheet as claimed in Claim 4 wherein 
the apertures create from about 3% to about 12% 
open area In the metal sheet. 

25 6. A microporous metal sheet as claimed In Claim 1 
wherein the apertures create from about 3% to 
about 1 2% open area in the metal sheet. 

7. A microporous metal sheet as claimed in Claim 6 
30 wherein the metal is chosen from the group consist- 
ing of titanium, aluminum, steel, nickel, and rein- 
forced polymers. 

8. A microporous sheet as claimed in Claim 1 wherein 
35 the sheet is constructed of material selected from 

the group consisting of titanium, aluminum, steel, 
nickel, and reinforced polymers. 

9. A process for producing a microporous sheet hav- 
40 ing both acoustical and structural functionality, the 

process comprising: 

a) providing a sheet capable of functioning as 
a structural element of a component; 

45 b) providing a laser device capable of produc- 

ing a free electron laser beam; and 
c) directing the free electron laser beam to a 
surface of the sheet to penetrate the sheet at a 
plurality of sites and thereby form a plurality of 

50 apertures generally uniformly dispersed of a 

size and number sufficient to enable the sheet 
to function as an acoustical noise suppressor 
while retaining capability of functioning as a 
structural element. 

55 

10. A process according to Claim 9, in which the micro- 
porous sheet is In accordance with any of Claims 1 
to 8. 
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11. A process for producing a jet engine housing having 
both acoustical and structural functionality, com- 
prising the steps of the process of Claim 9 or 10, in 
which the said structural element is the jet engine 
housing, being an element of a jet engine compo- 5 
nent; and forming the sheet into the jet engine hous- 
ing element. 
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(54) Acoustical and structural microporous sheet 

(57) A microporous sheet having both acoustical 
and structural functionality and a process for producing 
the sheet. Construction of the sheet requires, first of all, 
providing a sheet capable of functioning as a structural 
element of a component. A laser device capable of pro- 
ducing a free electron laser beam is provided, and the 
free electron laser beam is directed to a surface of the 
sheet to penetrate the sheet at a plurality of sites and 
thereby form a plurality of apertures. These apertures 
are generally uniformly dispersed and of a size and 
number sufficient to enable the sheet to function as an 
acoustical noise suppressor while retaining capability of 
functioning as a structural element. Use of free electron 
laser technology permits formation of smooth-walled, 
circular or non-circular apertures tailored to exact ge- 
ometry specifications controlled to a nanometer in size, 
and produces a microporous sheet having structural 
functionality while meeting acoustic requirements with 
clean, unclogged apertures and with low friction-to-sur- 
face and/or boundary-layer control airflow. 
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